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Outline
• Regular bi-weekly meeting times, Tuesdays at 11am 
• In this meeting:  
1. Summary of ALD Charge activities 
2. Plans for future Jet Structure activities 

➡ sample list of tasks & interested people 
3. Discussion about upcoming Tracking Review 
• In next meetings, will start asking for contributions 

➡ in particular, will arrange talk by CMS HI expert 
on Particle Flow advantages in Pb+Pb collisions
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1. Response to ALD charge
• Spent April and May planning and executing response to ALD 

Charge 
➡ in meetings, over mailing list, in person at sPHENIX Collab. Mtg. 
➡ https://www.dropbox.com/s/qnlhe3uulw647yp/sPHENIX_scope_cost_060616.pdf?dl=0 

• Original intention was to proceed along two fronts: 
1. evaluate jet performance under different calo configurations 
➡ jet response, statistics for fully-contained jets, biases on 

measurements, etc. 
➡ spent most of our effort here 

2. evaluate high-pT tracking performance inside jets 
➡ efficiency, resolution, fake rates 
➡ unfortunately, due to real-time developments in tracking 

simulations and software, this effort didn’t mature
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1. MC samples
• To perform these studies, we used a common set of MC events 

➡ with a well-defined generator-level selection 
➡ which were then simulated with Geant4 under specific, 

documented detector configurations 
• HepMC Pythia8 dijet events at /direct/phenix+upgrades/decadal/

dvp/GeneratorInputFiles (kinematics chosen according to need): 
➡ R=0.4, pT=50-55 GeV, |η|<0.6 
➡ R=0.4, pT=60-65 GeV, |η|<0.6 
➡ R=0.2, pT=25-30 GeV, |η|<0.9 
➡ R=0.2, pT=30-35 GeV, 0.7<|η|<0.9 

• G4 Hits files prepared by Chris Pinkenburg, at /sphenix/sim/sim01/
production/aldcharge/pythia8/pythia8dijet 
➡ for example: in R0p2pT30to35eta0p7to0p9, you will see: spacal1, 

hcalout_thin, cemcreduced, cemcreduced_hcalout_thin
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Physics performance impact Hadronic calorimeter changes

Figure B.1: (Left) Comparison of the jet response for three different HCal configurations: Nominal
outer HCal (black markers), outer HCal thinned by 20 cm (red markers) and no inner HCal (blue
markers). (Right) Comparison of the jet fragmentation bias for nominal (black markers) and thinned
outer HCal (240 cm outer radius, red markers).

a small loss in total energy containment for the thinned outer HCal configuration relative to the
nominal configuration, combined with a moderate increase in the number of jets for which less than
70% of the energy was reconstructed. Further studies showed that the change in the jet response
only has a small effect on reconstructing unfolded jet spectra, even when uing a Gaussian kernel
that ignores the increases low-energy tail. Removing the inner HCal has a significantly larger effect
on the mean and shape of the jet response.

Fragmentation function bias One expects that the thinned HCal configuration leads to the biggest
change in jet response for jets with high-z fragmentation products that are not contained in the
calorimeter system. To study this effect, we plot the average jet energy response hp

reco

T

/p

truth

T

i as a
function of the momentum fraction z carried by the highest p

T

charged fragment in Fig. B.1(right).
Even for the nominal HCal configuration, a dependence of the response on the hardness of the
jet fragmentation is seen, with a change of about 0.08 in hp

reco

T

/p

truth

T

i from softest to hardest
fragmenting jets. For the thinned HCal configuration, this increases to 0.11-0.13. We expect that
this additional bias would only lead to a moderate increase in the uncertainty of fragmentation
function ratios for Au+Au/p+p, as the increase is only about 50% of the bias already seen in the
nominal configuration, and present in both p+p and Au+Au events (i.e., only related to the single
particle containment).

B.1.2 Outer HCal shortening

For the shortened outer HCal (reducing the pseudorapidity coverage from |h| < 1.1 to |h| < 0.9), all
measured at the outer corner of the calorimeter) the expected impact is in the statistics of jet related
probes. The reduction in coverage will predominantly affect lower p

T

jets, as jets at the highest
p

T

have a narrow rapidity distribution that falls within the remaining acceptance. Figure B.2
shows the fraction of jets (left) and dijets (right) contained in the nominal calorimeter system as a
function of jet p

T

, obtained from generator level distributions. As expected, the fraction of fully
contained jets is lowest for low p

T

jets (which have a wider rapidity distribution) than for hight p

T
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1. Jet response 
studies

Physics performance impact EMCal

electron identification. Studies of the effect on photon identification are ongoing.

Figure B.3: (Left) Jet response for the nominal calorimeter systems (black markers) and the calorimeter
system with ganged EMCal readout (green markers) for high p

T

jets. (Right) Ratio of the hadron
rejection factor as a function of electron efficiency between the ganged EMCal configuration and the
nominal EMCal configuration, for central Au+Au collisions. The ratio is shown for two pseudorapidity
regions and three particle momenta.

Effect on jet energy response Figure B.3(left) shows the energy response in the calorimeter system
for high p

T

jets for the nominal configuration (black markers) and the ganged EMCal configuration
(green markers). Ganging has no visible effect on this distribution, as the change in granularity
is small compared to the typical jet size and the total collected jet and background energies are
unchanged.

Figure B.4: For a 2 ⇥ 2 ganged EMCal (with inner HCal present) inclusive charged hadron rejection
is plotted on the left (right) as function of electron ID efficiency, for negatively (positively) charged
tracks of three choices of momentum and for middle and edge rapidity in 10% most central Au+Au
events.
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• Examining effect of different calo stack 
configurations 

➡ Upper left: HCal configurations for   
large-R, high-pT jets 

➡ Upper right: ganged EMCal 
➡ Lower right: HCal x EMCal configurations 

for small-R, large-η, low-pT jets



1. Effects on unfolded measurements

• Toy unfolding studies by Jamie Nagle of how mis-estimating response 
affects results (note: scenarios not necessarily equally likely) 

• Left: missing a low-side tail causes overall E-scale shift 
• Right: missing high-side tail has dramatic effects

5/20/2016 4

ROOUNFOLD – Case 2
Generate “fake data (blue points) with full GEANT response for thinner Hcal and use 
the just the single Gaussian to fill out the Response Matrix.
Result – Unfolding works with an approximate 5% systematic shift.

5/20/2016 5

ROOUNFOLD – Case 3
Generate “fake data (blue points) with full GEANT response but shifting the tail to be 
on the high side and use the just the single Gaussian to fill out the Response Matrix.
Result – Large unfolding systematic offset from 50% up to > 400% at high pT.
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• Single hadron response studies by Kurt Hill 
• Left: with thin OHCal, rate of punch through hadrons 

increases 
• Right: with reduced-η EMCal, EM energy ends up in the I

+OHCal 
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1. Hadron response studies



1. Jet containment studies

• Jet / dijet containment in reduced acceptance by Rosi Reed 
➡ if all jets required to be fully contained in |η|<0.6, what is the 

fraction of jets (left) and dijets (right) satisfying this 
requirement  

Physics performance impact Outer tracker

Figure B.7: (Left) Fraction of jets fully contained within the acceptance of the |h| < 0.6 EMCal
configuration as a function of jet p

T

, for three different jet radius parameters, R = 0.2 (black), R=0.3
(red) and R=0.4 (black). (Right) Fraction of dijets with both jets fully contained within the acceptance
of |h| < 0.6 configuration as a function of jet p

T

, for three different jet radius parameters, R = 0.2
(black), R=0.3 (red) and R=0.4 (black).

B.3 Outer tracker

For the outer tracker, the performance of a TPC tracker was evaluated using GEANT4 simulations
of single particles, single U to e

+
e

� decays, and full HIJING and GEANT4 simulations in a limited
acceptance around mid-rapidity (due to timing limitations). Simulations were performed for an
ideal TPC and two configurations with inner field cage boundary at r = 20 cm and r = 30 cm. For
the latter configurations, effects of residual space charge distortions expected after corrections were
included. We evaluated general performance characteristics (efficency, fake track

rate, DCA and momentum resolution) and specifically the U mass resolutions for the different cases.
The TPC simulations were performed in combination with the 3-layer MAPS configuration of the
reference design, and include the effects of track reconstruction and kinematic fits. The effect of
various inner tracker options on the tracking performance is evaluated separately in B.4.

B.3.1 Studies of U mass resolution

We have performed TPC simulations with and without residual space charge distortions (i.e., after
corrections) and for readout of 60 and 30 TPC layers, for a field cage configuration with 20 cm inner
radius and 78 cm outer radius in all cases. The space charge distortions are calculated follow the
prescriptions outlined in the ALICE TDR and specifically the results from the thesis of Rossiger. We
use a second order Langevin equation to swim particles through the static electric and magnetic
fields producing a pair of distortion results dr(r, z) and rdf(r, z). Our calculations are normalized
to ALICE gas conditions (Ne, CO2 90:10) and reproduce well the distortion in the ALICE TDR.

For simplicity, we have assumed that post-correction errors due to space charge distortions will
be linearly proportional to the amount of the distortion itself. These errors are modeled as two
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1. Biases on FF measurements

• How strong is the correlation between fragmentation pattern (e.g. max-
zcharged) and response? 

• Left: with thinner OHCal, stronger dependence of <Response> on z 
• Right: with thinner OHCal, modestly larger bias on FF if one requires 

reasonably high Response 
➡ also useful discussion threads with Megan, John L, Aaron, many others 

Physics performance impact Hadronic calorimeter changes

Figure B.1: (Left) Comparison of the jet response for three different HCal configurations: Nominal
outer HCal (black markers), outer HCal thinned by 20 cm (red markers) and no inner HCal (blue
markers). (Right) Comparison of the jet fragmentation bias for nominal (black markers) and thinned
outer HCal (240 cm outer radius, red markers).

a small loss in total energy containment for the thinned outer HCal configuration relative to the
nominal configuration, combined with a moderate increase in the number of jets for which less than
70% of the energy was reconstructed. Further studies showed that the change in the jet response
only has a small effect on reconstructing unfolded jet spectra, even when uing a Gaussian kernel
that ignores the increases low-energy tail. Removing the inner HCal has a significantly larger effect
on the mean and shape of the jet response.

Fragmentation function bias One expects that the thinned HCal configuration leads to the biggest
change in jet response for jets with high-z fragmentation products that are not contained in the
calorimeter system. To study this effect, we plot the average jet energy response hp

reco

T

/p

truth

T

i as a
function of the momentum fraction z carried by the highest p

T

charged fragment in Fig. B.1(right).
Even for the nominal HCal configuration, a dependence of the response on the hardness of the
jet fragmentation is seen, with a change of about 0.08 in hp

reco

T

/p

truth

T

i from softest to hardest
fragmenting jets. For the thinned HCal configuration, this increases to 0.11-0.13. We expect that
this additional bias would only lead to a moderate increase in the uncertainty of fragmentation
function ratios for Au+Au/p+p, as the increase is only about 50% of the bias already seen in the
nominal configuration, and present in both p+p and Au+Au events (i.e., only related to the single
particle containment).

B.1.2 Outer HCal shortening

For the shortened outer HCal (reducing the pseudorapidity coverage from |h| < 1.1 to |h| < 0.9), all
measured at the outer corner of the calorimeter) the expected impact is in the statistics of jet related
probes. The reduction in coverage will predominantly affect lower p

T

jets, as jets at the highest
p

T

have a narrow rapidity distribution that falls within the remaining acceptance. Figure B.2
shows the fraction of jets (left) and dijets (right) contained in the nominal calorimeter system as a
function of jet p

T

, obtained from generator level distributions. As expected, the fraction of fully
contained jets is lowest for low p

T

jets (which have a wider rapidity distribution) than for hight p

T
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2. Future activities
• Activities for ALD Charge were immediate-timescale and 

to-the-point 
• Jet Structure group should transition to work towards longer 

term payoff: 
1. develop reconstruction/analysis infrastructure in 

software 
2. benchmark detector performance with latest 

simulations & software updates  
• On next several slides, some suggested topics are given 

➡ volunteers or expressions of interest welcome 
➡ no prior “claim” is needed, names are just placeholders 

from previous meetings / conversations
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Topics (1/4)
• Photon identification & performance 

➡ status: essentially no work at any point within sPHENIX 
development 

➡ example task(s): develop shower shape cuts for ɣ/π0 separation 
at low-pT, isolation on top of Au+Au underlying event  

➡ interested people: Justin Frantz + Ohio U group? 
• Develop calorimeter clustering in Au+Au 

➡ status: very simple geometric clustering procedure for p+p 
collisions 

➡ example tasks(s): implement modern clustering algorithms, 
create capability to run cluster on UE-subtracted towers  

➡ interested people: Brandon McKinzie + MIT group? 
11



Topics (2/4)
• Systematic studies of jet response 

➡ status: MIE showed some selected results  
➡ example task(s): test that UE subtraction still works, 

response/JES/JER differentially in jet pT / η / R / centrality 
➡ interested people: n/a 

• Track-cluster matching 
➡ status: past work showed some track purity could be 

regained at loss of efficiency 
➡ example tasks(s): continue studies, include latest tracking 

configuration & developments in clustering 
➡ interested people: Ron Belmont, Kurt Hill + Colorado group?
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Topics (3/4)
• STAR/ALICE-style “recoil jet + event mixing” capability 

➡ status: previous work has focused more on “ATLAS-style” 
explicit fake jet rejection 

➡ example task(s): feasibility studies, basic pT
reco - A⨉𝜌 

distributions for jets opposite high-pT track trigger, event mixing 
➡ interested people: n/a 

• Particle Flow jet reconstruction 
➡ status: previous work by Javier Orjuela-Koop & Colorado group 

showed only modest improvement over calo-based jet finding  
➡ example tasks(s): reboot with latest detector configuration / 

clustering tools & expertise from CMS? 
➡ interested people: Rosi Reed + Lehigh group?
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Topics (4/4)
Many other important tasks open for contributions: 
• Flavor-dependence of jet performance 

➡ evaluate separately for g vs. u/s/d vs. c vs. b 
• Fake jet rejection via track, track-jet or cluster matching 

➡ using latest tracking configuration & clustering 
• Blind unfolding tests of modified jet spectra 
• Response to quenched jets 

➡ interface JEWEL/PyQuen/QPythia with event generators 
and see if response is different 

• … etc.
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Tracking Review
• BNL-charged review of tracking options, 7-9 September 

➡ working to understand scope, timescales, deliverables, etc. 
• Jet Structure group should contribute with studies of tracking-

related performance relevant to our physics scope 
➡ need to coordinate with Simulations group and Upsilon TG 

(where tracking performance is studied more generally) 
➡  plan to repeat common-use MC sample model 

• In my opinion, most direct studies are likely to be:  
➡ tracking performance at high-pT in jets for FF 

measurements (where jet cone limits fake rate) 
➡ tracking performance at all-pT for missing-pT or charged 

hadron spectra (possibly with calo-matching)
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Outlook
• First of our regular bi-weekly meeting times, 

Tuesdays at 11am 
➡ In next meetings, will start asking for contributions 

1. Summary of ALD Charge activities 
2. Discussed plans for future Jet Structure activities 

➡ volunteers welcome — no prior experience or 
involvement necessary 

3. Should begin thinking about upcoming Tracking 
Review in early September
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